ABSTRACT A recently proposed network-coded multiple access (NCMA), consisting of XOR-based channel decoding and multi-user complete decoding (MUD-CD), can significantly improve throughput over conventional successive interference cancellation (SIC) decoding under near power-balanced channels. In this paper, we propose an improved NCMA (I-NCMA) for non-orthogonal multiple access (NOMA) in the 5G wireless communications, consisting of multiple users and a single base station (BS). At the transmitter side, the proposed scheme enables all users to simultaneously transmit messages to the BS in the same time and frequency. At the receiver side, we propose a joint-user channel decoding (JU-CD) to jointly decode all user messages by a single decoder. Then, the extrinsic messages from JU-CD can be jointly utilized by MUD-CD for decoding all user messages. Also, other than conventional NCMA that mainly deals with two users, I-NCMA adapts to the NOMA networks with an arbitrary number of users. Simulation results indicate that the proposed I-NCMA achieves a better decoding performance than both SIC and conventional NCMA over near power-balanced channels in the low-to-medium SNR regime, while retaining a performance close to conventional NCMA in the high SNR regime.
I. INTRODUCTION
Compared with the former wireless systems, 5G networks are required to support massive connections with ultra high spectral efficiency. However, these requirements cannot be met by using traditional orthogonal multiple access (OMA) techniques [1] . Driven by this issue, nonorthogonal multiple access (NOMA) is emerging as the key advanced technology in the advanced 5G cellular systems. Accommodating multiple users to the same time and frequency without using orthogonal spreading signatures [1] - [4] , NOMA can significantly increase the system throughput compared with existing OMA, e.g., TDMA, FDMA, and OFDMA [5] . For uplink NOMA, multiple users transmit their messages simultaneously to a base station (BS) in the non-orthogonal way. Although the application of NOMA in 5G is relatively new, some enabling solutions of NOMA have been extensively studied in the field of coding and information theory, such as superposition coding [6] , successive interference cancellation (SIC), and the message passing algorithm (MPA) [3] , [7] .
Among various types of receivers in NOMA, SIC has been widely studied because of its simplicity, where serial decision and cancellation were performed [8] , [9] . To decode the superposed information at each receiver, the SIC technique was first proposed in [10] . Later on, [11] investigated SIC with OFDM and MIMO, and [12] investigated the decoding process of SIC for the superimposed messages. In SIC-aided NOMA, different users are clustered into different groups, where the users in the same group transmit over the same resource. Notably, successful decoding of SIC relies on a condition that the received powers of different user groups at the BS are significantly different. In particular, [13] unveiled that SIC-aided NOMA should pair a strong user with a weak user as a two-user group to improve the system throughput. In this way, the BS first decodes the strong users message and then removes this message from its observation before decoding the weak users message.
Note that SIC-aided NOMA with the optimal power allocation has relied on the assumption of perfect channel state information at transmitter (CSIT) which is difficult to obtain in practice [14] , [15] . Moreover, the practical communication scenarios hardly guarantees the ideal user grouping required in SIC-aided NOMA, especially when there is a disparity between the numbers of weak users and strong users [16] . Fig. 1 shows an illustrating example where users are uniformly located around a BS. In this case, the number of weak users is larger than that of strong users, since the peripheral area is larger than the area near the BS. Then, the weak users are grouped together and their received powers at the BS are nearly balanced. We refer to this communication scenario as the near power-balanced scenario, where SICaided NOMA may not work well. From the informationtheoretical perspective, this is positive news in that the users are desirably grouped, even though their received powers at the BS are nearly balanced, since the user grouping can contribute to large rate gain [16] . This rate gain cannot be easily achieved by conventional SIC due to little channel distinctions. To achieve this rate gain, network-coded multiple access (NCMA) proposed in [17] - [20] deployed XORbased channel decoding (XOR-CD) and multiuser complete decoding (MUD-CD) in the PHY-layer, integrated with the MAC-layer channel coding to introduce correlations among PHY-layer messages. As an efficient decoding technique in the physical-layer network coding (PNC) systems [23] - [26] , XOR-CD first maps overlapped channel-coded bits from the users to the XOR bits and then performs channel decoding, while MUD-CD first demodulates the superimposed signals and then performs channel decoding to obtain each individual user message. Moreover, rate-diverse NCMA was proposed to accommodate different modulations for different weak users [16] . Apart from NCMA, recent works have advanced PNC in the multi-user networks [30] - [32] , where multiple network-coded (NC) messages are computed from the superimposed packets at the receiver. It is notable that NCMA can also compute multiple NC messages for each overlapped signal under favourable channel conditions.
Superior to SIC, XOR-CD performs better when the received powers from different users are balanced or nearly balanced, while SIC suffers poor performance in this case. As an illustration, ref. [17] showed that in two-user NCMA, XOR-CD can still decode a NC message at SNR of 8.5 dB in a software-defined radio prototype under near power-balanced scenarios, while the MUD-CD/SIC decoder cannot decode the individual user messages with high probability in this case. Fig. 2 plots the PNC rates of XOR-CD and MUD-CD with BPSK over two-user AWGN (power-balanced) channels, respectively. In this figure, the achievable rate of the point-to-point communication with BPSK is also plotted as an upper bound.
First, we observe that XOR-CD outperforms MUD-CD in the high SNR regime, which indicates that MUD-CD suffers a severe rate loss when the power distinction is not significant among users. Second, we observe that there is a considerable rate gap of about 2 dB between the upper bound and XOR-CD in the medium-to-high SNR regime. How to narrow down the gap remains open. Similar to conventional NCMA, we aim to decode each individual user message rather than the NC message [17] , [18] . In NCMA, both XOR-CD and MUD-CD are jointly used to recover all user messages.
NCMA can recover any user message that cannot be decoded by MUD-CD, with the aid of the XOR-CD message and the other successfully decoded user message. It is worth noting that the failure of any two decoded messages will result in the loss of at least one user message [16] . To address this issue, this paper proposes an improved NCMA (I-NCMA) that deploys joint-user-channel-decoding (JU-CD) and MUD-CD in NOMA. The main contributions of this work are summarized as follows:
1) The proposed JU-CD is built upon the idea of the joint channel-decoding and network-coding (JCNC). Unlike that the existing JCNC restricts to only two-user transmission [27] , [28] , the proposed JU-CD can effectively support a general NOMA system with an arbitrary number of users. Particularly, JU-CD can simplify the decoder implementation by decoding all user message with a single decoder, while XOR-CD only decodes NC message of the user messages. 2) Combining JU-CD and MUD-CD, we put forth I-NCMA where the soft information from JU-CD can be utilized by MUD-CD to realize individual user decoding under the near power-balanced scenarios.
Simulation results show that I-NCMA outperforms SIC and MUD-CD about 0.4 dB and 0.7 dB at the code rate of 0.4 respectively. In particular, I-NCMA can achieve gains of 0.15 dB and 0.2 dB over conventional NCMA in two-user and three-user NOMA, respectively. 3) For K -user NOMA, the proposed I-NCMA has a much reduced decoding complexity as compared to the conventional NCMA. This is because that I-NCMA only requires a single JU-CD and MUD-CD decoders while the number of possible decoders in NCMA increases exponentially with K [16] . The remainder of this paper is organized as follows: Section II presents the related work and system model. Section III first proposes JU-CD and then I-NCMA. Section IV presents the simulated performance to verify the proposed scheme. Finally, Section V concludes this paper.
II. SYSTEM MODEL
In the following discussions, we use a boldface letter to denote a vector and the corresponding italic letter to denote a symbol within the vector. For example, x is a vector, and x is a symbol within the vector. Fig. 3 shows a NOMA system where K users transmit information to a BS simultaneously. Let a length-L binary vector u k , k ∈ {1, 2, . . . , K }, be the kth user's source message. Then, u k is channel-encoded to generate a length-N binary vector c k , with c k (i) being the ith bit in c k , i = 1, 2 . . . , N . Consider that all users employ the same channel code such that the receiver at BS can decode the desired user messages with the same channel decoder. Finally, the kth user maps c k to a signal vector x k by the BPSK modulation, with x k (i) being the ith element in x k . We assume that users and BS has the knowledge of parity matrix, and each user transmits with the same power.
A. ENCODING AT USERS
Assuming perfect phase synchronization between the users and BS, the received signal at the BS is given by
where h k denotes the channel coefficient between the kth user and BS, and the vector w contains i.i.d. complex white Gaussian noise samples with zero mean and variance per dimension of N 0 /2. Note that this paper considers the near power-balanced channels where the received powers from all users at the receiver are nearly balanced. In this scenario, the channel coefficients h k , k = 1, 2, . . . , K , are almost the same given that the transmit power of each user is the same. Our simulations use the fixed h k following [33] , [34] .
the set of the superimposed signals from K users. Letx denote the superimposed signal vector from K users (i.e., y with the noise removed),x(i) ∈χ , i = 1, 2, . . . , N . Considering the block fading channels, channel coefficients keep unchanged during one block transmission and vary from one block to next. In general, the cardinality ofχ is 2 K , denoted by |χ | = 2 K (by cardinality, we mean the number of distinct elements in the set). We then use c 1∼K (i) = [c 1 (i), c 2 (i), . . . , c K (i)] to denote a joint bit vector, with the ith element c 1∼K (i) being a binary vector consisting of the coded bits from K users. The set of all joint bits is given by
where |S| = 2 K . As such, c 1∼K (i) ∈ S. Note that in general, each element inχ corresponds to a unique element in S under the random fading channels. Then, we define the oneto-one mapping between S andχ as ξ : S →χ , i.e.,x(i) = ξ (c 1∼K (i)).
B. DECODING AT BS
In this part, we briefly review the decoding techniques that are widely used in NOMA.
1) SIC-AIDED NOMA
First, the key of SIC is to successively decode the strong users with the larger received SNRs by treating the remaining user groups as noise. In some communications, ensuring large power differences among all user groups is not possible. For example, Fig. 1 shows a practical scenario where the users are uniformly located around the BS, and the area close to the BS is smaller than the peripheral area. Then, the weak users are grouped together, resulting in a larger inter-user interference to the strong users. In this case, SIC does not perform well due to the accumulated interference from weak group. Suppose that the received powers from the group of users at BS are almost the same. We refer to this as the near power-balanced scenario. Generally, SIC computes the initial channel message for decoding the packet of stronger user by treating packets of the remaining users as noise. In this case, the effective signal-to-interference-plus-noise ratio (SINR) of user 1 is relatively small due to strong interference from other users. As a result, the SIC decoder cannot retrieve any of the packets. To deal with this near power-balanced scenario, NOMA is in urgent need of a reliable decoding technique.
2) NCMA
PNC was originally proposed to double the throughput of a two-way relay network compared with the conventional store-and-forward relaying [23] , [34] . Prior works on channel-coded PNC mainly focused on the relay networks, such as XOR-CD [9] , MUD-CD [21] , and JCNC [9] , [21] operated PNC systems. Recently, NCMA offers a codedomain solution of NOMA, which generalizes the spirit of PNC to the wireless multiple access networks. In particular, Fig. 4 shows the parallel decoding operations of XOR-CD and MUD-CD in conventional NCMA [17] . NCMA includes decoding operations in both MAC and PHY layers. For each user, the whole message sequence is divided and encoded into multiple packets by an erasure channel code at the MAC layer, which are then channelencoded in the PHY layer for reliable transmission. At the receiver side, the BS deploys XOR-CD and MUD-CD to decode the received packets in the PHY layer at different time slots. The decoded packets are then collected and passed to the MAC layer for recovery with the help of the erasure code.
In the paper, we focus on decoding operation of NCMA in the PHY layer, as the joint use of XOR-CD and MUD-CD in this layer plays a vital role in NCMA. First, we propose JU-CD to jointly decode all user messages within a single decoder at the BS. Then, we propose I-NCMA by jointly exploiting JU-CD and MUD-CD. Compared with NCMA, I-NCMA employs JU-CD rather than XOR-CD to help MUD-CD to decode the messages of each user.
For ease of understanding, we present a simple example to illustrate the decoding process in NCMA. Consider a twouser NCMA scheme where two user transmit x 1 and x 2 to 
Now it is clear that the decoding of NCMA will fail if any two codewords are not successfully decoded. In fact, in the near power-balanced communications, it is difficult for MUD-CD to achieve successful decoding of both c 1 and c 2 when received powers of two users are almost the same. However, we can obtain the XOR message to contribute to decoding both user messages in NCMA. To illustrate this problem, Fig. 5 compares the decoding performance of XOR message in XOR-CD and MUD-CD, where two users adopt the same (273, 191) finite geometry (FG)-LDPC code [35] in the near power-balanced scenarios where (h 1 , h 2 ) = (1.2, 1.0) and (h 1 , h 2 ) = (0.9, 0.8), respectively. In this figure, we observe that XOR-CD yields a significant gain over MUD-CD. This result coincides with the PNC rates in Fig. 2 , which indicates that XOR-CD has a larger achievable rate than MUD-CD in the high SNR regime.
III. PROPOSED I-NCMA SYSTEM
As we illustrated, XOR-CD in NCMA only decodes the XOR of user messages rather than each individual user message. First, we propose JU-CD to jointly decode all users messages by a single decoder. Different from XOR-CD that computes VOLUME 6, 2018 the soft information of XOR messages, JU-CD computes and iteratively updates soft information of all combinations of all user messages. Indeed, JU-CD builds on top of JCNC, originally proposed as the channel-coded PNC technique in twoway relay networks [27] , [28] . Going beyond, the proposed JU-CD caters to the general NOMA network with an arbitrary number of users. Second, we show that the proposed JU-CD can enhance the decoding performance of NCMA.
A. PROPOSED JU-CD
Recall that c 1∼K is a joint bit vector of K users and its ith element c 1∼K (i) is a bit vector of the K users, i = 1, 2, . . . , N . Thus, c 1∼K (i) has 2 K different combinations, c 1∼K (i) ∈ S. Since all users adopt the same channel code, c 1∼K (i) can be decoded by the same channel decoder that for each individual user. We define the soft message of c 1∼K (i) passing within iterative decoder as a length-2 K probability vector p i .
For simplicity, we use η to denote the conversion from a binary vector to its corresponding decimal
Conversely, we use η The iterative decoder is performed within a parity matrix that consists of two sets of nodes, variable nodes v and check nodes t. A variable node v(i) corresponds to a joint bit vector c 1∼K (i). We note that parity matrix for decoding the joint bit vector c 1∼K is the same as that for decoding each user message. The proposed JU-CD adopts sum product algorithm (SPA). Then the initial message of each variable node from the received signal y in (1) is given by
where i = 1, 2 . . . , N and β is a normalization factor that
Within the SPA, we define functions VAR and CHK to formulate message updating rules at the variable and check nodes, respectively. We first illustrate the message update of the node with degree three. The messages from the variable nodes with degree greater than three can be recursively calculated by using where v is a degree-g variable node, v i denotes the messages from v to its ith connected check node, and p j denotes the input messages of v, j = 1, 2, . . . , g.
Similarly, the messages from the check nodes with degree of greater than three can be recursively calculated by
where t is a degree-d check node, t i denotes the message from t to its connected the ith variable node, and q j denotes the input messages of t, j = 1, 2, . . . , d.
1) OUTPUT MESSAGE OF VARIABLE NODES
Assume that the variable node v is connected to two check nodes. Given the two input messages p = [p(0), p (1), . . . , p(2 K − 1)] from the channel and
] from the first check node, the outgoing probability message to the second check node, denoted by
where v 2 (o) denotes the probability of v = o, is given by
In (6), β is a normalization factor that ensures
Then, the output message v 2 is
2) OUTPUT MESSAGE OF CHECK NODES Suppose that a check node t is connected to three variable nodes. We use
] to denote the incoming messages from the variable nodes v(1) and v(2), respectively. Let q = [q (0), q (1), . . . , q (2 K − 1)] denote the probability of the coded bit v from v(1) and v(2), where q (o) denotes the probability of v = o. We calculate message q based on q 1 and q 2 , with q (o) being
where ϕ(m, n) = o, the bit-wise parity-check function of JU-CD, will be defined in (10), according to the LDPC encoding as blow. For channel decoding of the kth user, the check node t is connected to three variable nodes v k (1), v k (2), and v k (3), with their corresponding coded bits satisfying
where k = 1, 2, . . . , K . Thus, the encoding of the joint bits in JU-CD also satisfies the same requirement. Suppose that three joint bit vectors corresponding to three (3)). Thus, with respect to (9) , given a value of o, we define ϕ(m, n) = o in (8) as
As defined before, η
is the kth bit of the bit vector converted from a decimal value m. Finally, the output message of t is
3) JOINT USER MAPPING After iterations, v(i) is determined as j ∈ . The a-posteriori probability vector of v(i), denoted by (5) by computing all incoming messages from the check nodes as well as the channel message in (3). Then the joint user mapping is performed by
where c 1∼K = η −1 (j). Finally, we estimate all the user messages, since
B. PROPOSED I-NCMA
Recall that the conventional NCMA exploits the decoded messages based on their hard decoded information. In the proposed I-NCMA, the soft information between JU-CD and MUD-CD are utilized and iterative updated to improve the decoding performance. In I-NCMA, the a-posteriori probability vector of v(i) from JU-CD is = [ (0), (1), . . . , 2 K − 1)], where (j) denotes the probability of v(i) = j, i.e., c 1∼K = η −1 (j) where c k (i) = η −1 k (j), j ∈ . Given , we can further compute the a-posteriori information for each user. LetL k denote the a-posteriori log-likelihood ratio (LLR) vector for the kth user. The LLR of the ith element inL k is given bȳ
where i = 1, 2, . . . , N . We note that soft information of each variable node in the kth user's decoder is one-dimensional while soft information of joint bits updated in JU-CD is multi-dimensional, since JU-CD attempts to decode all user messages within a single decoder. In the MUD-CD for NOMA, the initial soft information is computed from the channel messages for MUD-CD decoder. In the proposed scheme, the soft informationL k from JU-CD is more reliable than that directly computed from the channel messages. With the initial soft information, MUD-CD performs separate channel decoder to obtain the individual user message. Due to the more reliable initial information, the decoding performance of MUD-CD with the aid of JU-CD is greatly improved as compared to that without JU-CD. In the following, we construct two types of I-NCMA, i.e., Parallel I-NCMA (IP-NCMA) and Serial I-NCMA (IS-NCMA). As depicted in Figs. 6(a) and (b) , IP-NCMA performs JU-CD and MUD-CD in parallel, while IS-NCMA performs JU-CD and MUD-CD in serial. The serial decoding scheme is known to perform better than the parallel one but suffers from more decoding delay [33] . LetL k denote the final LLR vector to estimate the kth user's codeword c k .
1) IP-NCMA
Given the received signal y, we perform MUD-CD and JU-CD in parallel to obtain the a-posteriori LLR messages for each user. Assume that a-posteriori LLR vector of the kth user from MUD-CD isL k , withL k (i) being the LLR of the ith coded bits, i = 1, 2, . . . , N . In this scheme, we can simply sum up the LLRsL k from MUD-CD andL k (i) from JU-CD to obtainL k for the kth user. Thus, the total LLR is given bỹ
From (14), the final decision is given by
2) IS-NCMA
In this scheme, JU-CD and MUD-CD are operated successively. First, the a-posteriori LLRL k from JU-CD is fed into the MUD-CD, as the initial LLR messages for the kth channel decoder in MUD-CD. Second, the MUD-CD outputs the a-posteriori LLR to estimate c k , which largely follows (15). VOLUME 6, 2018
C. BEP COMPARISON BETWEEN NCMA AND I-NCMA
This section illustrates the probability of bit error (BEP) comparison between K -user NCMA and I-NCMA. Recall that NCMA consists of XOR-CD and MUD-CD. However, XOR-CD only decodes the XOR of the user messages. Thus, XOR-CD cannot decode any user message if MUD-CD fails to recover all user messages even though the XOR message is successfully decoded. Let P k denote the BEP of decoding the kth user message by MUD-CD, k = 1, 2, . . . , K , and P K +1 denote the BEP of XOR-CD. In total, NCMA has K +1 BEPs. According to the decoding principle of NCMA, any K decoding out of K + 1 successful decodings lead to a full recovery of all K -user messages. Let denote a set that collects all combinations of any distinct K out the K +1 BEPs. Thus, the BEP of K -user NCMA is given bȳ
Next, we analyze the BEP for I-NCMA that consists of JU-CD and MUD-CD. Let P N denote the BEP of JU-CD. Given that MUD-CD can also decode the kth user's message with BEP of P k , the complete decoding of all user messages fails if and only if both JU-CD and MUD-CD fail. Then, the BEP of K -user I-NCMA is given bŷ
The authors in [28] has shown that JCNC outperforms XOR-CD in all SNR regimes over the two-way relay networks. Moreover, JU-CD is derived from JCNC. The main difference between JU-CD and JCNC lies in that JCNC aims for the XOR of the users messages based on a-posteriori probability, while JU-CD aims for the individual user message. Consider a two-user case with h 1 = 1.2 and h 2 = 1.0, Fig. 7 shows that JCNC achieves gains of 0.3 dB and 0.2 dB over XOR-CD in terms of BER, where two users employ the regular LDPC code with the same rate of 0.25 and 0.4, respectively. Thus, with reference to (16) and (17), it is shown that I-NCMA outperforms NCMA.
IV. SIMULATION RESULTS
In this section, we present simulation results of various LDPC-coded NOMA systems, including SIC/MUD-CD aided NOMA, conventional NCMA and I-NCMA. Each user deploys the AR3A codes in [36] , [37] . In our simulation, the information length of each user is set to 1000 bits. The number of decoding iterations is set to 30. Note that we compare the BER performance of the worst user channel in NOMA.
A. BER OF TWO-USER NOMA Fig. 8 depicts the BER performance for various two-user NOMA systems with code rate 1/2. Recall that, SIC-aided NOMA first decodes the stronger user and then decodes the weaker user after removing the decoded messages of the strong user, while NCMA decodes the bitwise XOR of two user codewords. Consider that h 1 = 1.1 and h 2 = 0.9. First, we observe that IS-NCMA outperforms NCMA and SIC-aided NOMA. In particular, the gain of IS-NCMA over SIC-based NOMA can be up to 0.4 dB in the low SNR regime, since SIC-aided NOMA may not be able to achieve the potential rate gain of weaker user in the low SNR regime. However, the gain is reduced to 0.2 dB below the BER of 10 −5 . This gain is useful because various communication systems, such as voice, video (live streaming), interactive gaming, require target BER of round 10 −5 . Second, we observe that SICaided NOMA performs almost the same as NCMA in the high SNR regime, although NCMA offers a gain of 0.2 dB over SIC-aided NOMA in the low SNR regime. This is because that SIC is hard to decode both messages one by one due to three user messages. We observe that IS-NCMA outperforms NCMA and SIC-aided NOMA by 0.15 dB and 0.2 dB in the low-to-medium SNR regime, respectively. However, the BER of SIC-aided NOMA approaches that of IS-NCMA for both cases in the high SNR regime. In particular, at (h 1 , h 2 , h 3 ) = (1.3, 1.2, 1.1), SIC-aided NOMA performs almost the same as IS-NCMA at BER = 10 −4 when SNR = 6.7 dB. This is because that in decoding one user messages, the other two-user interference is relatively large. As such, SIC first removes the decoded signal of two stronger users before decoding the weakest user, resulting in a slight performance gain over MUD-CD involved I-NCMA. To address this issue, one possible solution is to replace MUD-CD with SIC to combine with JU-CD in I-NCMA, which deserves an intensive study in future.
C. BER OF TWO-USER NOMA WITH QPSK Fig. 11 compares the BER performance among IS-NCMA, conventional NCMA, SIC-aided NOMA where the binary LDPC code with QPSK modulation are used. The source bits over in-phase and quadrature components of the QPSK symbol are channel-encoded separately using an identical LDPC encoder. In this context, the NC codeword mapped from two user codewords is still a valid LDPC codeword. Correspondingly, the in-phase and quadrature parts of a QPSK packet can be equivalently treated as two independent BPSK packets. Consider (h 1 , h 2 ) = (1.2, 1.0) and code rate of 0.4. We can observe that IS-NCMA achieves gains of 0.2 dB and 0.4 dB over NCMA and SIC-aided NOMA in the low-tomedium SNR regime with 30 iterations, respectively, while the gain of IS-NCMA over SIC-aided NOMA is increased to about 0.5 dB with 5 iterations only. This is due to the fact that IS-NCMA also benefits from faster convergence speed of successful decoding than SIC-aided NOMA. 
V. CONCLUSIONS
We have proposed a JU-CD decoding that can decode multiple user messages within a single decoder. Based on JU-CD, we constructed an improved NCMA as an alternative solution for power-balanced and near power-balanced NOMA. The key idea of I-NCMA is to jointly exploits JU-CD and MUD-CD to decode concurrent transmissions by multiple users. Thus, we can obtain decoding diversity from the two different decoders. Our simulation results show for near powerbalanced scenarios, especially in the low-to-medium SNR regime, I-NCMA is superior to conventional NCMA and SIC-aided NOMA in terms of BER performance. Several interesting directions may follow this paper. First, it is of interest to enhance I-NCMA by taking SIC into consideration when the received powers are diverse. Second, it is desired to design rate-diverse NCMA for power-imbalanced NOMA where the users with different received powers use different code rates.
